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ABSTRACT 


C 


This  is  the  final  r-’port  for  an  Investigation  of 
the  microwave  attenuation  and  salt  spray  resistance  of 
protective  coatings  on  the  inside  of  1 x 1/2  brass  wave- 
guide. Sixteen  finishes  were  tested  at  X-Band  before 
salt  spray,  and  several  were  found  to  have  a very  low 
attenuation.  The  loss  is  insignificant  except  at  the 
high  end  of  the  band.  The  test  samples  ’ere  subjected  to 
100  hours  salt  spray,  after  which  the  finishes  in  general 
showed  little  corrosion,  and  there  was  no  significant 
increase  in  attenuation. 
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PART  I 

(a)  Purpose 

The  purpose  of  this  contract  us  to  investigate  materials 
In  order  to  determine  the  optimum  "paint"  finish  for  RG-69/U, 
RG.-48/U,  RG-52/U,  and  T'avy  type  1^:-  ACM  Waveguide.  The  inves- 
tigation is  prlmai'lly  concerned  viith  the  finish  as  applied  to 
the  Insid'?  of  the  raveguido.  Painting  the  inside  of  the 
waveguide  will  add  slightly  to  the  electrical  loss;  however, 
the  attenuation  remains  constant  over  a longer  uriod  of  time, 
and  the  ultimate  loss  is  less  than  that  for  the  unprotected  guide. 
The  presently  usfn  finish  for  the  protection  of  the  Inside  of  wave 
guide  is  zinc -chromate  primer.  The  finish  resulting  from  this 
investigation  shall  be  better  than  the  zinc  chromate  in  the 
following  requirements. 

(a)  The  protective  finish  shall  protect  from  corrosion  brass, 
silver  plated  brass,  stainless  steel,  and  silver  or  nickel  plated 
stainless  steel  during  100  hours  salt  spray. 

(b)  The  protective  finish  when  applied  to  the  inside  of  wave- 
guide shall  have  the  lov/est  possible  electrical  loss  before  and 
after  salt  spray  in  roqulrment  (a).  In  addition  to  the  pre- 
ceding requirements  the  protective  finish  shall  be  capable  of 
easy  field  application. 

(B  ) Factual  Data 
( 1 ) Introduct 1 on : 

In  accordance  with  the  specifications  of  the  contract,  the 
Investigation  was  conducted  in  the  8200  to  12,400  Me.  range,  and 
the  tests  were  made  on  R0-52/U  waveguide,  ( 1 x 1/2  O.D.  Brass). 
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Electrical  measurement::  were  made  at  the  f . 1 .loviln?^  five 
frequencies:  8»200  Xc . , 93^^  Tic.,  10,300  lie.,,  11,  *<^00  ,1c., 

and  12,400  Me. 

Each  test  sample  consisted  of  a 24  stT’alpht  section  of 
RG-52/ U waveguide  with  a UG-39/1'  cover  flange  terminating  each  end. 
The  finish  to  be  tested  was  coated  on  the  inside  of  the  sairiple. 
Comparison  of  tlic  at  tc-ivcatlon  c*t  the  coated  sample  with  that  of 


an  uncoated 


:ive3  the  attenaatlon  contributed  by  the  finish 


The  Initial  part  of  the  program  was  an  investigation  period 
for  the  purpose  of  selecting  the  finishes  for  test.  During 
this  period  an  engineer  worked  in  conjunction  with  a paint 
consultant  and  various  paint  manufacturers  with  a final  result 
of  a choice  of  sixteen  finishes.  The  selections  were  based  on  the 
past  experience  and  claims  of  producers  of  protective  coatings  and 
producers  of  raw  materials  for  protective  coatings. 

( 2)  Preliminary  Investigation  and  Selection  of  Finishes 

The  following  factors  were  considered  in  the  selection  of 
the  finishes : 

(a)  Good  resistance  to  salt  spray. 

(b)  Low  electrical  loss. 

(c)  Easy  field  application  - Air  drying  finishes  not 
requiring  baking  or  special  techniques. 

(d)  Availability  - Finishes  should  be  commercially  available 

in  finished  form  or  capable  of  being  produced  by  most  paint 
manufacturers  from  readily  {..’''ailable  raw  materials. 

The  coatings  Include  standard  comnerclal  finishes  that  were 
recommended  by  paint  manufacn»rew»  and  special  formulas 
submitted  by  the  paint  consultant.  Identification  of  the  seventeen 
samples  are  given  In  Appendix  A.  They  Include  the  following 


general  types: 
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(a)  .'.ogular  ■''iiiialMi  aal'-yrlriJe  alic;  !:>  resins, 

(b)  Phenolated  ATsyd  Resins. 

(c)  Styrinated  Alkyd  Resins. 

(d)  Vinyl  Resins 

(e)  Epoxy  Resins  with  Catalysts. 

(f)  Acrylic  Resins. 
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Reguiax  phthalic  anliydrlcc  resins  have  a long  period  of 
experience  in  commercial  production  and  applications.  Besides 
the  large  producers  of  raw  matefial,  such  as  American  Cyanamid  Co., 
U.S.  Industrial  Chemical  Co.,  Relchold  Chcinicals  Inc.,  General 
Electric  Co.,  and  Sherwln  Williams  Co.,  there  are  many  small  paint 
companies  that  manufacture  alkyd  finishes.  There  is  a wide  range 
of  finish  possibilities.  Among  the  factors  that  affect  its 
properties  are  le  oil  length,  the  nature  of  the  oil  used,  the 
phthalic  anhydride  content,  ester-ifying  agents,  and  the  amounts 
and  kinds  of  dryers.  Sample  No.  7 is  an  oil  modified  alkyd. 

Styrinated  Allcyds  are  alkyds  modified  with  styrine  or  its 
derivatives.  Sample  No,  11  v;as  made  with  ;he  U.S.  Industrial 
Chemicals,  Inc.  Arapol  830.,  however,  other  manufacturers  also 
produce  styrinated  alkyds. 

Bakelite  Corp  . is  a producer  of  Vinyl  Resins.  They  recom- 
mended Carroll  Coatings  In  New  Hyde  Park,  il,  Y.  asa  supplier 
of  a sampld.  Carroll  suggested  their  "Everbrite"  (Sample  No,  9), 
an  Acrylro  Viny'  <:-•>  ip : ii.<  v-.  cn  ises  BaKelite's  VMCR  and 
VYHH  resins.  It  was  recommended  by  Bakelite  that  pigmentation 
be  added  to  the  coating  for  protection  against  ultraviolet 
light  which  would  otherwise  have  deteriorating  c- ffect  on  the 
resin  film. 
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A clear  vinyl  flii..sh  submitted  by  A.  C,  Horn  Sample 


No.  17). 

Samples  No.  6 and  Ho.  .‘.4  are  Epoxy  type  resins.  Epoxy  resins 
differ  from  tiie  usual  types  In  that  they  set  due  to  the  action  of 
catalysts.  While  the  catalyst  and  fche  resin  are  separately  stable, 
the  mixture  of  the  two  has  a limited  pot  life.  This  might  be 
considered  as  a disadvantage  since  the  mixture  must  be  used  in  a 
ll5|lted  length  of  time.  These  finishes  have  the  advantage  that 
once  the  film  is  formed,  suceeding  coats  do  not  dlsolve  it,  thus 
acting  as  a remover;  thei'efoie,  the  total  thickness  can  be  easily 
controlled . 

Sample  No.  4 is  a "Epon"  resin  which  does  not  require  a 
catalyst;  however,  it  still  has  the  characteristic  of  a permanent 
film  once  it  is  set. 

The  acrylic  resin  sample  was  furnished  by  Rohm  & Hass. 

Sample  No.  12  is  their  Acrylols  No.  B-72.  Acryloid  B-72  may  be 
used  as  a complete  film  former,  or  combined  with  other  film 
forming  materials  as  polyvinyl  copolymers,  nitrocellulose. 


ethyl  cellulose,  chlorinated  rubber,  etc.  For  greater  flexibility, 
plasticizers  may  be  used  such  as  bibutyl  sebacate,  dibutyl  phthalate, 


chlorinated  diphenyl,  tricresyl  phosphate,  etc. 

The  formulas  for  some  of  the  preceeding  samples  are  known 
since  they  were  made  up  either  in  our  laboratory  or  by  the  producers 


of  the  raw  mxiterle.ls  The  remaining  samples  are  private  formulas 
of  paint  manufacturers,  and  they  are  not  available. 

( 3)  Preparation  of  Test  Waveguides 

The  length  of  the  sample  guide  was  selected  as  two  feet. 

This  is  short  enough  so  that  the  inside  of  the  guide  can  be  easily 
coated,  and  as  described  later,  the  length  is  sufficient  to  give 
an  attenuation  value  of  an  order  that  can  be  measured  accurately. 
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ConalderablG  coruUderation  was  given  t*.  the  Method  for 
coating  the  laaide  of  i.he  waveguide,  and  it  was  decided  that 
dipping  the  guide  in  the  paint  and  withdrawing  lengthwise  at  a 
controlled  rate  'would  give  a smooth,  even  film.  Since  dipping  the 
2'  sample  would  requii'e  a comparatively  large  amount  of  paint, 
large  paint  containers,  and  a mechanism  for  withdrawing  the  guide, 
a method  which  is  equivalent  to  dipping  v/as  used.  With  the  sample 
in  a vertical  position,  the  guide  was  filled  with  the  coating 
material  which  was  allowed  to  drain  through  a valve  at  the  bottom 
end.  By  controlling  the  rate  of  drainage  with  the  valve,  the  film 
thickness  can  be  varied;  a greater  film  thickness  results  witn  a 
fast  drainage  rate. 

Other  factors  that  affect  the  film  thickness  are  the  solid 
content  and  drying  time  of  the  coating  matetlal.  A greater  film 
thickness  occurs  with  short  drying  time  and  high  solid  content. 

A solid  content  of  approximately  405©  was  recommended  as  optimum 
for  dipping. 

Depending  on  the  drying  time  of  the  material,  the  drainage 
rate  was  between  1 and  3 inches  per  minute.  This  gave  a smooth, 
even  coat  with  a thickness  of  .0002  to  .0003  inches.  Several  coats 
were  applied  so  that  a total  thickness  of  .001  inches  resulted. 

The  total  thickness  was  controlled  in  order  to  establish  a uniform 
basis  for  comparing  the  electrical  properties  of  the  various  finishes. 

In  some  of  the  finishes,  the  first  coat  applied  was  dlsolved 
by  successive  "dippings"  with  a result  of  little  film  build  up 
beyond  the  first  coat.  Samples  No.  2,  8,  9»  13  and  l6  showed  this 
characteristic  to  the  greatest  degree.  For  these  cases  the  finish 
thickness  of  .001  inches  had  to  be  attained  by  fast  drainage. 

Even  with  the  high  drainage  rate,  the  film  was  maintained  smooth 
and  even. 
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(4  ) Attenuation  Measurement  of  Samples 

The  attenuation  of  the  test  sample  was  determined  by 
measuring  the  ratio  of  the  incident  to  reflected  power  at  the 
Input  end  of  the  guide  with  the  other  end  terminated  by  a waveguide 
short  circuit. 

With  reference  to  Fig.  1,  the  incident  power  PI  Is  attenuated 
by  an  arnoimt  cx,  in  traveling  the  length  cf  the  test  sample. 

At  the  short  circuit,  tLe  power  in  reflected  and  is  again 
attenuated  by  oC  In  traveling  back  to  the  input  end.  If  the 
reflected  power  Is  P2  then: 


c 


/? 


/o^,^  eJh  (1) 


a 


PIQ  - 1 

The  voltage  standing  wave  ratio  f Is  related  to  the  ratio 
of  power  reflectea  by: 

P.  -fr-l.]^  X (2) 

a 'Kr+iy 

Substituting  (?)  into  (1) 


cX-  /O 


r-i  (3) 

Equation  (3)  is  true  if  the  impedance  of  the  test  sample  is 
perfectly  matched  with  the  line  which  Is  tiie  case  since  it  is  a 
straight  section  of  waveguide. 

Equation  (3)  assumes  that  there  are  no  losses  except  tnose 
in  the  test  sample;  however,  the  attenuation  measured  vJith  the 
test  sample  in  plpcp*  i'^'  the  sum  of  the  losf.es  in  the  test  saiaple 
plus  the  loss  In  the  waveguide  short  circuit,  the  losses  in  the 
waveguide  Joints,  and  the  losses  in  the  impedance  meter.  As 
explained  in  Appendix  B,  these  losses  can  be  considered  as  an 
attenuation  terminated  by  a perfect  short  circuit,  thus  they  can 
be  determined  by  measuring  the  VSWR  with  the  waveguide  short 
connected  directly  to  the  Impedance  meter.  The  attenuation  of 
the  test  sample  C<  Is: 
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i>,',-r.  ~ total  ; ctf-'ors.:: i in  Meat'ux'i'-|  ■•  ith  tos-t  sfi’,  pi.-  ccririoc.  ’ 
bei  we--.',  tho  1. ;')>.u&ui'je  -..let--  ■ .'.on  -rnor'  .liue  .-o'-ort 


— atteiiac:  ;-lon  nea;5uredL  vilt'o  ua/o/,ai  le  3hoi't  cor 


coanecwCA 


fllrectl?  tc.i  i!:ioodanco 


In  tei' '3  of  ; i.'  iaarr:l  V.Sv.'H  (y.  nil  jC- 


cx.  = /<9 'J-ti  <'-* 

It-  I •'"C-l 

Th.,  theoretical  nttanuatlo*  of  .i  1 a l/i  wA«;et_;ulde 
(90/10  Bronze)  varies  fron  ,0o  db/ft  at  Xc.  to  .0^  db/ft 

at  12,400  He.  It  woula  be  expected  that  tc^e  actual  attenuation 

is  soi.'.ewhat  ^’:reater  dependin  ',  on  the  sum  ace  r ou/mess  of  tne 
Inside  of  the  wav<f;ui  lc.  The  len^^th  .'f  t; . test  sarcplcis  wm 
selected  as  twi  .o  th.  t ’'.•i-.  iilr imc  atM-nuation  viould 

be  of  the  order  cf  d.i  db,  Foi  'hi  db  xttenuatloii,,  the  Vd’Ah  to 
be  iteasaren  is  37  . Considr  rabie  error  uouxO.  result  If  a VSWR  cf 

this  nac’hltude  '.ujn-  nt-aaured  directl;/  by  the  nethod  la  which  the 

maxl  iurr.  and  rlnir  s,  field  streri.'th  In  tiie  , ulde  Is  cieat  ure  . as 
a probe  is  moved  a'  n'.  ' the  line-  An  riternate  ACthOfl,  vM.1c;< 
eliminates  uor^  o:  t .K  inherent  errn’-a  of  direct  measure  ient  is 
described  In  detail  In  hefercince  1.  Tnls  mechod  employs  the 
shape  of  tno  star,  i‘r  - •.-'cvc  '.atte.  n hr.  vi  .'inity  t,.-. 

REP.  1 -C.G.  .'on ■ , ' Tc'chr'.i.'iuc  .1  hi : .'wave  Ilea  Jure.r.ents , 

M.I.T.  had.  lab  Series,  Vol , ...,  Cui;.:.  IG 


c 


ninlmu!::  to  deteittiine  the  VSVR.  To  apply  this  i.iethod  it  Is 
necessary  to  measure  the  distance  betvjeen  points  of  a predetern- 
Ined  povier  level  on  each  side  of  the  r.ilnimui.u  the  povjer  level 
of  the  points  is  usually  several  tlmeo  the  power  at  the 
mlnlmun.  The  measurement  points  viere  taken  as  10  db.  above  the 
nlnlmur:!  in  which  case  the  VSWR  Is  related  to  the  distance  d 


between  points  ny; 


_ 3X 


where  the  guide  wavelength  is  in  the  same  units  as  d. 

A detailed  description  of  the  measurement  method  and  procedure 
is  given  in  Appendix  B. 

(5)  Results  of  Attenuation  Measurements  and  Salt-^Spray  Tests 


Before  salt  spray  attenuation  measurements  were  made  on  I6 
coated  samples,  and  for  comparison  the  attenuation  of  an  uncoated 
guide  was  measured.  The  results  of  these  measurements  are  given 
in  Table  I and  they  are  shown  graphically  in  Pig.  2-1  through 
2-17.  Given  In  Pig.  3 is  the  theoretical  attenuation  of  1 x 
1/2  0.  D.  (90/lC  Bronze)  waveguide.  The  measured  attenuation 
of  the  uncoated  guide  follows  the  same  shaped  curve  as  the 
theoretical,  but  as  expected  the  measured  values  are  slightly 
higher;  the  average  la  approximately  22%  greater.  Compared  to 
the  measured  uncoated  guide,  the  attenuation  of  the  coated  sample 
Is  higher  in  every  ease.  The  attenuation  of  the  coated  guide 
Is  composed  of  the  oonduotor  losses  of  the  unooated  sample 
plus  the  dielectric  losses  of  the  coating.  Since  the  dielectric 
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losses  are  proportional  to  frequency « the  Increase  In  the 
attenuation  due  to  the  coating  Is  greater  at  the  higher 
frequencies.  The  apparent  best  of  the  samples  (#17)  shows  an 
attenuation  increase  of  .001  db/ft  over  the  band;  however, 
this  small  Increase  Is  less  than  the  accuracy  of  the  measure- 
ments.  The  maximum  error  of  the  measurements  is  approximately 
plus  or  minus  10^,  althoa:;h  the  average  accuracy  should  be 
better.  Since  the  differences  In  the  attenuation  for  several 
of  the  samples  are  less  than  the  measurement  accuracy,  these 
samples  can  be  assumed  to  have  equally  good  performance.  Samples 
2,  3*  5>  8,  9«  11 « 12,  and  17 « all  showed  Increases  that  are 
about  the  same:  within  the  accuracy  of  the  measurements;  the 
average  Increase  Is  about  lOjL  or  .003  db/ft  above  the  measiored 
uncoated  sample.  The  remaining  samples  show  various  degrees 
of  higher  losses  up  to  about  a 40^  increase  in  attenuation. 

After  attenuation  measvuraments,  the  test  pieces  were  sub- 
jected to  one  hundred  hours  ssdt-spray  In  accordance  with 
General  Specification  for  Inspection  of  Mtl.  App.  II.  Part  Q, 
and  the  attenuation  was  again  measured  at  five  frequencies.  The 
measured  points  are  plotted  in  Fig.  2-1  through  2-17  with  the 
previously  measured  results.  There  is  no  significant  Increase 
In  attenuation  due  to  the  salt  spray  for  any  of  the  test 
samples  except  Sample  No.  1,  which  had  no  protective  coating. 

In  the  case  of  Sample  No.  1,  the  Increase  Is  approximately  1Q$K. 

The  guides  were  then  out  open  for  a visual  Inspection  of 
the  Inside  surfaces.  This  was  necessary  because  the  deter- 
ioration of  the  outside  flniah  would  not  necessarily  be  the 
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same  as  on  the  Inside  for  several  reasons.  The  thickness  and 
application  of  the  inside  stirface  finish  were  very  carefully 
controlled  whereas  the  outer  surface  finish  was  applied  T:ierely 
for  protection  durlnc  salt  spray  and  precise  control  was  not 
exercised.  Also,  the  Inside  sui'faces  were  not  as  severely 
exposed  durlnc  salt-spray,  and  the  outer  finish  was  not  aged  as 
long  as  the  Inner  finish.  The  outer  finish  was  not  applied  until 
after  all  tests  prior  to  salt -spray  were  made  so  that  handling 
wo\ild  not  damage  the  coating. 

Every  coated  guide  had  a good  Inside  finish  after 
salt -spray.  The  conditions  of  the  coatings  are  listed  In  Table 
II.  Finishes  described  as  "No  Corrosion"  show  no  sign  of  det- 
erioration. The  others  show  spots  of  discoloration  and  pitting. 

The  spots  are  small  and  sparcely  spaced,  and  the  total  area  of  det- 
erioration Is  a small  percentage  of  the  total  surface  area. 
"Discoloration"  describes  a spot  where  the  metal  Is  discolored 
with  the  protective  coating  still  Intact,  "Pitting"  and 
"Corrosion"  Is  a spot  tdiere  the  finish  Is  broken  and  the  metal 
has  a pit  with  green  corrosion  products. 

(C)  Conclusions 

(1)  The  losses  due  to  the  zinc  chromate  coating  on  the  Inside  of 
1 X 1/2  waveguide  is  small  (of  the  order  of  .004  db/ft)  where  the 
film  thickness  Is  kept  smooth  and  even  and  approximately  1 mil. 
thickness.  Althoug  i finish  No.  17  appears  to  have  less  loss  than 
zinc  chromate,  the  suail  difference  is  less  than  the  accxiracy 
of  the  measurements  cmd  It  can  be  concluded  that  several  finishes 
( 3i  8,  9«  11»  12,  and  17  } have  about  the  same  loss  as  the 
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zinc  chromate.  All  of  these  finishes  with  the  exception  of  No. 

3 showed  little  or  no  corrosion  after  100  hrs.  salt -spray.  Of  the 
finishes  Just  -mentioned  which  showed  attenuation  comparable  to 
zinc  chromtCj  finishes  8,  9*  11 « 12 « &nd  17  had  adi^ieslon 
better  tiian  the  zinc  ohroiaate. 

(2)  SlncD  the  losses  of  the  dielectric  film  vary  directly  v;lth 
frequency,  they  would  be  much  creator  at  higher  frequency,  where 
in  addition  to  the  greater  dielectric  losses,  the  film  thickness 
is  a greater  proportion  of  the  waveguide  dimensions.  Losses  for 
the  same  finish  would  be  insignificant  in  guide  sizes  lar  jer  than 
1 X 1/2  for  most  practical  purposes. 

(3)  There  v/as  no  noticeable  change  in  atteniiatlon  due  to  100 
hours  salt-spray. 


PAKT  II 

RECOMMBMDATIONS 

^ 1.  It  is  recoEUMnded  that  tie  use  zinc  chroinate  be  continued  for  the 
protection  of  the  inside  of  wateculde  sizes  lareer  than  and  Including 
X-band.  Tlie  small  imprcveiuent  in  attenuation  ol  rsome  of  the  finishes 
investigated  does  not  warrant  the  standardizatii:>u  of  another  paint. 

2.  The  method  for  coating,  tie  inf ' :le  of  waveguide  should  bo  changed  fren 
that  descx'.  bod  in  the  ’'£1!  fctronic  Installation  Practices  Uauual-Rigid 


R.F.  Transmission  Lines"  to  the  method  given  in  this  report.  Pouring 
the  paint  out  of  the  oper  end  of  the  waveguide  results  in  a thick 
uneven  coat:  with  loss  greater  than  that  of  a coat  applied  by  slow 
drainage  of  the  paint. 

Since  the  investigation  described  in  this  report  Indicated  that  losses 
in  the  various  finishes  become  more  significant  in  the  upper  frequency 
range  for  the  X-band  waveguide,  namely  in  the  vicinity  of  12,400 
megacycles,  and  since  it  is  further  known  that  this  type  of  loss  is 
an  increasing  function  of  frequency,  it  is  recommended  that  a new 
investigation  be  initiated.  This  investigation  should  be  directed 
toward  a study  of  the  attenuation,  before  and  after  exposure,  at 
higher  frequency  in  the  enaller  wave  guide  sizes.  The  :;est8  to  simulate 
exposure  should  be  much  more  severe  than  100  hours  salt  spray  in  order 
to  simulate  more  accurately  the  actual  conditions  of  uso  over  a long 
period  of  time.  Such  an  investigation  would  raalse  use  of  only  the 
finishes  which  appeared  rest  feasible  in  the  investigations  described 
herein. 
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Appendix  A 

IDENTIFICATION  OP  FINISHES 


No  Finish 

Aircraft  Zinc  - Chromate  primer  specification  MIL-P-6889A, 
Randolph  Products  Company « Carlstadt,  N.  J. 

Black,  Inanint^--  Varnish,  E.  I.  Du  Pomt  De  Nemours  & Co., 
VAB‘-1279.  ' 

Modified  l^on  Resin,  Benjamin  Moore  Ss  Co.,  # 74  Clear 


Qent.al  Electric  # 1201  Red  Enamel  (Glyptal),  reduced  with 
0.  E.  # 1500  Thinner. 

Epoxy  Resin  Type,  Clba  Company,  Inc.,  Clba  KD  199  (505o  solid) 
Catalyst  .5  phr  Ciba  # 930  Hardener. 

Thinner  - Cellosolve,  butyl  acetate,  or  dlacetone  alcohol. 

Oil  Modified  Alkyd  Heain,  Qeneral  Electric  y 1202  Clear 
Varnish  (Qlyptal),  reduced  for  dipping  with  0.  E,  ^ 

1500  Thinner. 

Prufcoat  BX  Gray  Enamel,  Prufcoat  Laboratories,  Inc., 

New  York,  N.  Y. 

Carroll  Products  Inc.,  New  Hyde  Park,  N,  Y.,  "Everbrlte", 
Acrylic  Vinyl  Composition,  gray  pigmentation. 

Phenolated  Alkyd,  Relchold  Chemicals,  Inc.,  Elizabeth,  N.  J. 

Solid  40^  Solvent  So^ 

905?  P53I  Beckosol  Solvesso  - 100  100^ 

^1^  1338  Beckosol 


Dryers  added  ••  0.4^  lead  in  form  of  lead  naphthenate 
0.04^  cobalt  in  form  of  cobalt 
naphthenate  based  on  solid  resin 
content. 
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Appendix  A 

IDENTIFICATION  0?  FINISHES 
(oont. ) 


Styrlnated  Alkyd^  U.  S.  Industrial  Chemical,  Inc. 

Solids  40}g  Solvent  60^ 

U.  S.  I.  Aropol  880  Xylene 

Solvesso  100 

Dryer  added  - .04^  cobalt,  based  on  solid  I'esln  content. 

kcvyllQ  Resin,  Rohm  and  Haas  Co.,  Philadelphia,  Pa. 

Solids  40^  Solvent  60^ 

Acrylold  B-72  Toluene 

Oloss  White  Air  Dry  Dip  # 2-7593  Vinyl  Type^  Randolph 
Products  Co.,  Carlstadt,  N.  J. 

Epoxy  Resin  Type,  Shell  Chemical  Corp.  Ponnulatlon 

Solids  60^  Solvent  40^ 

Epon  1001  97^  Methyl  Isobutyl  Ketone  33. 35^ 

Beetle  216-8  0^  "Cellosolve"  33. 3J^ 

10^  xylene  33.4^ 

lOUtT^S 


Catalyst,  6 phr  diethylene  triamlne  based  on  Epon 
resin  solids. 

"Corroslte"  coating.  Reliance  Paint  Co.,  Inc.,  Brooklyn,  N.Y. 
Three  coat  systen: 

Coat  1-4  parts  Corrosi  e # 44  Primer  mixed  with  1 
part  Corrosite  #44  Primer  Thinner  Catalyst. 
Coat  2 - Corrosite  # 44  Tlecoat 
Coat  3 -*  CoxToa.'.te  # 22  Top  Coat 

Clear  Air-Dry  tip  # Z-7592,  Vinyl  Type,  Randolph  Products 
Co.,  Carlstadt,  N.  J. 

Clear  Vinyl,  #PFD-2422,  A.  C.  Horn  Co.,  L.  I.  City,  M.  Y. 
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Appendix  D 


DESCRIPTION  OF  MEASUREMENT  METHOD 

A diagram  of  the  neasvireMent  set-up  is  shovm  in  Pic;,  4.  The 
voltage  standing  wave  ratio  looking  Into  the  test  sample  Is  determ- 
ined by  measuring  the  travel  of  the  impedance  meter  between 
power  points  10  db.  above  the  mlnlnum  of  the  standing  wave  In 
the  line.  A preol3i''’n  10  db.  nlorowave  attenuator  Is  used  as  a 
reference  to  determine  the  10  db.  point a.  In  which  oase  a constant 
power  level  Is  maintained  Into  the  crystal  mixer,  thus  eliminating 
errors  due  to  the  response  oharaoterlstlos  of  the  mixer  and  the 
receiver.  Buffer  pads  are  located  before  and  after  the  precision 
attenuator  which  serve  to  provide  a matched  line  on  each  side  of  the 
precision  attenuator  and  also  isolate  the  Iclystron  to  prevent 
"pulling"  as  the  preolslon  attenuatox'  la  changed.  The  signal  Is  CW 
of  frequency  Thu  L.  0.  signal  is  tuned  to  a frequency  fg  which 
Is  30  Me.  from  f^^,  euid  the  30  Me.  output  of  the  mixer  Is  detected 
by  a 30  Me.  receiver. 

With  the  test  sample  In  the  line  as  shoxm  in  Pig,  4,  the  VSWR 
is  meauBxired.  The  oaloulated  attenuation  from  the  measured  VSWR  la 
the  loss  In  the  test  sample  plxas  other  losses  that  might  occiir, 
such  as  the  loss  in  an  Imperfect  v/avegulde  short  circuit,  the  loss 
In  the  short  section  of  line  In  the  Impedance  meter  between  the 
probe  and  the  Input  flange  of  the  test  section,  and  losses  In  the 
flange  Joints.  The  loss  In  the  xvavegulde  Joint  between  the  test 
sain)le  and  the  waveguide  short  was  easentletlly  eliminated  by  pos- 
itioning the  short  from  the  Joint  which  places  a current 
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ninli;m..i  at  the  jDint.  Loss  in  the  Joint  hetv^een  the  Innedance 
Meter  and  the  test  sample  vjaa  checked  experimentally.  The 
adjustable  short  was  moved  so  that  a current  r.-iaxinu;.!  and  I’JLnlmum 
alternately  appeared  at  the  joints  and  no  appreciable  chance  was 
noted  in  the  depth  of  the  standing  v/ave  minimum  Indicating  that 
the  Joint  had  negligible  loss.  Tlie  remaining  losses  that  might 
cause  error  v/ere  measured  with  the  test  sample  removed  from  the 
line  and  the  adjustable  short  connected  directly  to  the  Impedance 
Meter.  Tlie  losses  to  be  measured  can  be  considered  as  an  attenuator 
terminated  by  a perfect  short.  This  attenuation  is  measured  In  tiie 
same  manner  as  the  attenuation  of  the  test  sample. 

The  attentiatlon  of  the  test  sample  Is: 

o< 

where  0<.jls  the  attenviatlon  measui^d  with  the  test  sar.iple  In 
place  2md  Is  the  attenuation  measured  v/lth  the  waveguide 

short  connected  directly  to  the  Impedance  Meter. 

Possible  errors  In  the  raeasiirements  can  be  attributed  to 
several  sources,  one  of  v/hlch  Is  the  accuracy  to  vihlch  the  10 
db»  power  points  are  set.  The  ualibrated  attenuator  used  has 
an  :ccuracy  of  plus  or  minus  0.2  db.  Including  the  setablllty  at 
the  10  db.  point,  foxier  variations  In  the  signal  source  and 
variations  In  the  receiver  response  vjere  estimated  at  approximately 
plus  or  minus  0,1  db.,  and  the  setablllty  of  the  power  level  at 
the  10  db.  points  was  approximately  plus  or  minus  0.2  db;  this 
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latter  error  was  partly  caused  by  the  scl  a.blllty  oi  trc  drive 
i.iechc-.iilsia  on  the  li.ipedancc  meter  and  partly  the  setabllity  of  the 
Indicator  on  the  receiver.  ?he  total  error  of  •ettlng  the  10  db. 
points  is  plus  or  minus  0.5  db.  which  would  cause  a maxlnui.i 
error  of  approximately  6^  if  all  the  errors  added  In  the  sane 
direction  for  both  points  which  Is  unllholy.  The  second  soxirce 
of  error  Is  In  the  measurement  of  the  displace;. ent  between  the 
10  c’"'.  points.  The  longest  distance  measured  v/as  accurate  to 
approximately  plus  or  tnlntis  1.0^  resulting  In  an  attenuation  error 
of  approximately  l.OjS.  Attenuation  measurement  of  the  short  circuit 
connected  directly  to  the  Impedance  Meter  was  possibly  In  error 
plus  or  minus  10^  because  of  error  In  measuring  the  displacement 
and  10  db,  points.  This  would  result  in  an  error  of  about  plus 
or  minus  1.5J»  of  the  attenuation  of  the  test  sample. 

Other  saall  errors  such  as  frequency  modulation  of  the 
klystron,  errors  In  due  to  tolerances  in  frequency  and 

dimensions  of  the  Impedance  Meter,  and  error  in  EQUA,6  , probably 
bring  the  total  error  in  the  attenuation  measurement  to  approx- 
imately plus  or  minus  lOjS. 
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- VJ 


Sample 

{JumDer 


INNER  SURFACE  INSPECTION  AFTER  SALT  SPRAY 


Severe  pitting  and  discoloration  on  two  walls  - 

one  narrow  wall  and  one  troad  viall  partially  corroded. 


No  corrosion. 


Spots  of  green  corr.  jsion  on  one  narrow  wall  and  two 
comers. 


Spots  of  green  corrosion  In  two  corners. 


No  corrosion. 


Spots  of  pitting  and  discoloration  on  one  narrow  wall 
and  one  broad  wall. 


Discoloration  at  ends  of  guide,  few  spots  of  corrosion 
In  one  corner. 


No  corrosion. 


No  corrosion. 


No  corrosion. 


Spots  of  discoloration  in  two  comers. 


Spots  of  discoloration  on  one  narrow  wall  and  one 

broad  wall. 


Spots  of  discoloration  under  film  (not  visible  through 
white  pigmented  coating.) 


Spots  of  discoloration  and  green  corrosion  in  two 
comers. 


No  corrosion. 


Several  small  spots  of  discoloration  on  one  narrow  wall 


•Several  small  spots  of  discoloration. 
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